The presence of HIV-1 non-B subtypes in Western Europe is commonly attributed to migration of individuals from non-European countries, but the possible role of domestic infections with non-B subtypes is not well investigated. The French mandatory anonymous reporting system for HIV is linked to a virological surveillance using assays for recent infection (<6 months) and serotyping. During the first semester of years 2007 to 2010, any sample corresponding to a non-B recent infection was analyzed by sequencing a 415-bp env region, followed by phylogenetic analysis and search for transmission clusters. Two hundred thirtythree recent HIV-1 infections with non-B variants were identified. They involved 5 subtypes and 7 circulating recombinant forms (CRFs). Ninety-two cases (39.5%) were due to heterosexual transmissions, of which 39 occurred in patients born in France. Eighty-five cases (36.5%) were identified in men having sex with men (MSM). Forty-three recent non-B infections (18.5%) segregated into 14 clusters, MSM being involved in 11 of them. Clustered transmission events included 2 to 7 cases per cluster. The largest cluster involved MSM infected by a CRF02_AG variant. In conclusion, we found that the spread of non-B subtypes in France occurs in individuals of French origin and that MSM are particularly involved in this dynamic.
S
ince its introduction in the human species, human immunodeficiency virus type 1 (HIV-1) group M has diversified into 9 genetic subtypes (A, B, C, D, F, G, H, J, and K) and numerous circulating recombinant forms (CRFs) that arise from recombination between one or several parental viruses in coinfected or superinfected individuals (1) . Depending on its epidemiological success, each clade has a specific distribution. Subtype B predominates in the Americas, Europe, Japan, and Australia, whereas non-B subtypes predominate in Africa and in most Asian countries. Many studies have reported an increasing prevalence of non-B subtypes in Europe since the beginning of the epidemic (2) (3) (4) (5) (6) (7) (8) (9) (10) . Whereas there is a common notion that HIV-1 infections with non-B subtypes are mainly associated with migrant populations from the developing world, there is increasing evidence that the epidemiology of non-B viruses in Europe results from both migration and domestic transmissions (11) (12) (13) . Most of the studies have described the increasing prevalence of non-B variants in Europe among newly diagnosed HIV-1 infections or patients referred for antiretroviral resistance testing (4, (6) (7) (8) (9) . However, the duration of infection for each new diagnosis was frequently unknown in these studies. Therefore, the dynamic of the non-B subepidemics cannot be described accurately since it necessitates focusing on patients with known dates of infection, particularly those who have been infected recently. This includes patients diagnosed at the time of primary infection (10, 14, 15) . Alternatively, serologic assays for recent infection (RI assays) that have been developed and validated during the last decade allow the identification of patients who have been infected for less than a few months, approximately 6 months in most of the assays (16) (17) (18) (19) .
In the present work, we took advantage of the virological surveillance that is linked to the mandatory notification of new HIV diagnoses that was implemented in France in 2003 and includes the determination of recent infection and serotyping for any case (20, 21) . We conducted a nested study whose aim was to identify the sociodemographic characteristics of patients recently infected by non-B variants during the 2007-2010 period. In order to answer this question, we sequenced and characterized the viruses present in samples collected from patients identified as recently infected (less than 6 months) according to the RI assay, and a molecular phylogeny approach was applied to identify transmission clustering. The data show, at a nationwide level, that most of the ongoing non-B transmissions occur in individuals of French origin and that men having sex with men (MSM) are particularly involved in this dynamic.
MATERIALS AND METHODS
Study participants. The mandatory anonymous HIV case reporting was implemented in France in 2003 (20, 21) . The notification form includes demographic data (sex, age, country of birth, current nationality, and region of residency), mode of transmission, clinical stage at HIV diagnosis, and reasons for HIV screening (20) . It is linked to a virological surveillance program that was approved by the French National Ethics Committee (CNE) and the French computer database watchdog commission (CNIL). When an HIV infection is newly diagnosed, the laboratory is asked to send dried serum spots (DSS) from the stored serum sample to the HIV French National Reference Center (NRC). The NRC uses the serum eluted from DSS to determine whether the HIV infection is recent (less than 180 days) or not and to characterize the type, group, and subtype of HIV. The enzyme immunoassay run to identify recent infection (EIA-RI) is based on an algorithm that combines standardized measures of antibody binding to the immunodominant epitope of gp41 and the V3 region of gp120 (22) . Assessment of its performance in the framework of the French national HIV case surveillance revealed that the sensitivity and specificity were 88% and 84%, respectively (23) . Type, group, and subtype of HIV are determined using a single enzyme-linked immunosorbent assay (SSEIA), shown previously as presenting good predictive values to distinguish subtype B infections from non-B infections (24, 25) . However, a significant part of infections cannot be serotyped (not typeable [NT]), mainly within the first months postinfection due to a low titer of antibodies to the V3 region.
In the present study, we selected all HIV-1 recent infections identified by EIA-RI during the first semester of each year, from 2007 to 2010 (Fig.  1) . Among them, all samples that were identified as non-B or NT by SSEIA were included for molecular analysis. In addition, at least 1 sample that was identified as subtype B by SSEIA for 10 non-B or NT samples (i.e., the first B sample after 10 successive non-B or NT samples) was also included for molecular analysis, as a quality control (Fig. 1) .
HIV-1 genotyping. The genotyping analyses were conducted on a 415-bp fragment of the envelope glycoprotein gp41 coding sequence amplified by reverse transcription-PCR (RT-PCR) from RNA extracted from DSS, as described previously (13, 20) . Nucleotide sequences were aligned with 70 reference sequences representative of HIV-1 group M subtypes and the most common circulating recombinant forms (CRFs) available in the HIV Los Alamos database (http://hiv-web.lanl.gov), using Clustal W with minor manual adjustments (26) . The reference sequences were selected based on the fact that they were issued from complete genomes. There were 2 to 5 sequences for each pure subtype (A to K) and 1 to 5 sequences for each of 14 CRFs. Subtype or CRF assignments were achieved by constructing phylogenetic trees using the neighbor-joining (NJ) method (27) . Distances were calculated using MEGA 5 based on the nonevolutive Kimura two-parameter model (http://www.megasoftware.net) (28, 29) . The reliability of the branching orders was assessed by bootstrap analysis of 500 replicates. The subtype or CRF phylogenetically assigned to each sequence was systematically checked by comparison with the bestmatched HIV-1 sequences retrieved in BLAST searches (HIV Los Alamos Database).
Transmission clusters. For the identification of potential transmission clusters, gp41 sequences were grouped according to their HIV-1 subtype/CRF assignment and multiple sequence alignments, including unrelated reference sequences from the Los Alamos HIV database, were created using Clustal W (26) . Sequence interrelationships were first deduced by the NJ method as described below. In order to use stringent criteria, only clusters with a bootstrap value higher than 90 and an average genetic distance of Ͻ0.015 were selected (30) . Clusters including sequences amplified in the same run were excluded from the study to avoid any possibility of contamination. The robustness of the transmission clusters was further tested using the maximum likelihood (ML) method based on the evolutive general time reversible (GTR) model from 1,000 bootstrap replicates, using gamma distributions of 5 discrete gamma categories, all sites of the data set, all the codon positions, and nearest-neighbor interchange (NNI) as the ML heuristic method in MEGA 5 (29) . All the clusters selected from the NJ phylogenetic analysis were confirmed by the ML method on the basis of bootstrap values higher than 90%. Infections in clusters were finally validated for congruent polymorphisms and mutational motifs.
RESULTS

Non-B infections among HIV-1 recent infections.
Between January 2007 and December 2010, 14,101 new HIV diagnoses were reported for which a DSS was sent to the NRC (Fig. 1) . The EIA-RI allowed the detection of 4,154 HIV-1 recent infections (29.5% of all new HIV diagnoses) for the whole year (31), including a large majority of men (77.6%; n ϭ 3,223) ( Table 1) . Data on mode of transmission were available for 71.5% (n ϭ 2,969) of the patients with recent infection. Men having sex with men (MSM) were the predominant transmission category (60.5%; n ϭ 1,795) followed by heterosexual contact (38.3%; n ϭ 1,138). Countries of birth were known for 69.0% (n ϭ 2,866) of the patients. A large majority of these patients were born in France (74.3%; n ϭ 2,129). Sub-Saharan Africa (SSA) was the second most common geographic origin identified (13.3%; n ϭ 380).
Among the 4,154 recent infections, serotyping allowed identification of 1,426 subtype B infections (34.3%) and 752 non-B infections (18.1%). Close to 50% of the samples (n ϭ 1,976, 47.6%) from patients with recent infection were not typeable by SSEIA due to insufficient reactivity to V3 antigens. All the non-B (n ϭ 303) or NT (n ϭ 1,038) samples collected during each first semester of the 4-year period were submitted to molecular analysis. As a quality control, 153 B samples were also included in the molecular study (Fig. 1) . Amplified DNA products were obtained for 43.1% of DSS included (644 of 1,494). The low success rate of the RT-PCR assay was similar to our previous experiences (13, 20, 32) . Indeed, we previously showed that the RT-PCR assay applied to our DSS procedure usually necessitates a viral load of over 10,000 copies/ml to yield a positive result (32, 33) . In addition, we cannot exclude that other factors such as deterioration of viral RNA due to storage and transportation before treatment of the DSS contributed to the low amplification percentage. After sequencing and phylogenetic analysis, 149 of 486 NT samples corresponded to non-B infections. Seventy-nine of 96 non-B samples (82.3%) identified by serotyping were confirmed as non-B by genotyping. Similarly, 57 of 62 B samples (91.9%) identified by serotyping were confirmed as B by genotyping. Therefore, combining these data, the specificity of the serotyping assay was 0.86. Overall, we identified 233 recent infections by non-B variants (Fig.  1) . A wide diversity of non-B clades was observed among these non-B recent infections (Table 1 ). There were 5 pure subtypes (A, C, D, F, and G) and 7 CRFs (01_AE, 02_AG, 03_AB, 06_cpx, 09_cpx, 12_BF, and 42_BF). Among them, CRF02_AG was the most prevalent clade, representing 59.7% (139/233) of the cases, followed by clades A (10.7%, n ϭ 25), C (8.2%, n ϭ 19), CRF01_AE (4.7%, n ϭ 11), and CRF06_cpx (4.3%, n ϭ 10) ( Table  1) . Two sequences not clustering with any known subtype or CRF were defined as unidentified forms (U). Epidemiological characteristics of recent infections with non-B variants. Ninety-two cases were due to heterosexual transmissions, of which 39 occurred in patients originating from SSA but 39 occurred among individuals born in France (Table 1) . These data confirm the continuous spread of non-B variants through heterosexual contacts in the French population but also the idea that African residents might have acquired their infection once in French territory. Eighty-five cases were identified in MSM, of whom 70 were born in France. Only one of the 85 MSM studied was born in SSA. Overall, 120 recent infections with non-B variants occurred in individuals born in France whereas only 43 were identified in patients born in SSA, underlining the established spread of non-B viruses in the French population. All 12 non-B clades that were involved in recent infections, except one (clade G), were found in the MSM population. The risk transmission group was known for 111 cases among 139 recent infections with the most prevalent non-B clade, CRF02_AG. Fifty percent (n ϭ 56, 50.5%) of them occurred in MSM. All the patients with a known transmission risk factor infected with a subtype D variant (6 of 6) and most of those infected with a CRF01_AE virus (7 of 10) were also MSM. Approximately half of the non-B recent infections occurred in the Paris area (108 in the Paris area versus 105 in other regions of France).
Transmission clusters. The molecular analysis revealed that 106 of the 644 recent infections for which nucleotide sequences were available (16.5%) segregated into 41 different transmission clusters (Fig. 2) . Fourteen clusters involving 43 of 233 non-B recent infections (18.5%) were identified. There were 7 CRF02_AG clusters, 2 A1 clusters, 2 CRF06_cpx clusters, and one cluster of each of the following clades: C, D, and CRF42_cpx (Fig. 2) . MSM were involved in 11 of them (6 CRF02_AG, 2 A1, 1 D, 1 CRF06_cpx, and 1 CRF42_BF), a frequency similar to that observed in clusters of B transmissions (MSM were involved in 23 of 27 subtype B clusters). Eight of 14 non-B clusters contained at least 3 patients, the largest cluster of 7 cases involving MSM infected with a CRF02_AG variant. Although this study was not designed to be comparative, it is interesting that most of the non-B clusters were of larger size than the B clusters: 8 of 14 (57.1%) non-B clusters contained more than two cases versus only 3 of 27 B clusters (11.1%) (Fig. 2) . In the majority of the cases (9/14; sequences (1 to 3 sequences representative of each subtype or CRF for which a cluster was identified) was conducted using Clustal W (26). The phylogenetic tree was constructed using the neighbor-joining method. Genetic distances were computed using the Kimura two-parameter method in MEGA5 (28, 29) . The optimal tree is drawn to scale, with branch lengths in the same units as those of the distances. The reliability of the branching orders was assessed by bootstrap analysis of 500 replicates. Viruses isolated in heterosexual patients, MSM, injecting drug users (IDU), and individuals with unknown risk factors are indicated by triangles, circles, diamonds, and squares, respectively. The region of residence is shown for each case. The color code corresponds to five regions of metropolitan France: Paris area (yellow), northeast (red), southeast (green), southwest (orange) and northwest (dark blue). One case was a patient living in the French West Indies (in gray), and the region of residence was not known for one case (empty symbol).
64.3%), the non-B clusters involved patients living in different geographical regions, including systematically at least one patient from the Paris area in these cases (Fig. 2) . The trend was the opposite for B clusters, only 11 of 27 B clusters (40.7%) concerning patients from different regions. We analyzed the time interval between the date of diagnosis of the first and the last infection within each cluster. Although variable, we found that the time interval was less than 6 months for the majority of the cases (Fig. 3) . The time interval was less than 6 months for 7 of 14 non-B clusters and 17 of 27 clusters involving B variants. It has been suggested that recent HIV-1 infections, particularly primary infections, contribute significantly to the spread of HIV-1 (14, 15) . Although these data are not a proof of higher rapidity of transmission of the variants involved in the clusters, this observation at least suggests a rapid spread of these variants, regardless of the subtype.
DISCUSSION
Many studies have demonstrated an increasing prevalence of HIV-1 non-B subtypes in Europe during the last decade. However, except for a few studies (10, 15, 34) , most of them were conducted among patients whose date of infection was not known, and the studies were not conducted at a nationwide level. Taking advantage of the virological surveillance that is linked to the mandatory notification of new HIV diagnoses that includes the identification of patients with recent infection (less than 6 months), we conducted the present study in order to provide a better description of the epidemiological characteristics of the non-B subepidemics at a national level. The recentness of infection was identified in each sample using the EIA-RI (IDE/V3) assay (20, 24) . Recent studies have shown that a combination of assays may improve the accuracy of the data (35) (36) (37) (38) . Although we did not use a multiassay algorithm, our strategy which corrects the false recentness for any patient known to be at the AIDS stage, a major factor for misclassification, was shown to be relevant at a population level (20, 23, 24) . In order to focus on recently transmitted non-B variants, the serotyping screening allowed us to discard the B recent infections from a more time-consuming molecular analysis. The strategy was validated by the quality control that was performed all throughout the study and showed a specificity of the serotyping assay of around 92% for subtype B samples. Therefore, most of the technical efforts were concentrated on samples from recent infections that were predicted as due to non-B variants by serotyping or were not serotypeable. To our knowledge, this is the first study that provides a descriptive analysis of patients recently infected with HIV-1 non-B subtypes at a nationwide level in a western country.
Two hundred thirty-three non-B recent infections were identified during a period covering each first semester of the years 2007 to 2010. They involved 5 non-B subtypes and 7 CRFs, showing the ongoing spread of highly diverse variants that were not initially present at the time of emergence of the HIV/AIDS epidemic in France. As already observed (6, 10), CRF02_AG was the most prevalent clade, representing close to 60% of non-B recent infections. This is due to the historical links between France and West African countries, where the CRF02_AG clade is predominant. Surprisingly, the majority of non-B recent infections were observed not in individuals originating from sub-Saharan Africa but in French natives. Almost half of the non-B recent infections were identified in MSM, 11 among the 12 non-B clades observed in the present study being detected in the MSM population. Altogether, these data show the spread of non-B subtypes in individuals of French origin and show that MSM are particularly involved in this dynamic. This epidemiological evolution was illustrated recently through the description of the new CRF56_cpx and several distinct B-CRF02 unique recombinant forms (URFs) circulating in this high-risk group (39, 40) . However, the precise incidences of HIV-1 non-B infections in different risk groups cannot be compared since the frequency of HIV testing is highly variable in these populations. Indeed, these data were obtained from a sample which selects people diagnosed soon after their infection, and MSM are more likely to be diagnosed early in infection than are African migrant populations, due to more frequent use of HIV testing (21) .
Close to 20% of non-B recent infections segregated into 14 clusters, MSM being involved in 11 of them. Clusters included 2 to 7 cases per cluster and were dispersed in all regions of the country. The largest cluster involved MSM infected by a CRF02_AG variant. The time interval between the first and the last infection within each cluster was less than 6 months for half of the clusters. Therefore, the data are suggestive of multiple introductions of non-B variants with a high rate of transmission, particularly in the MSM population. However, the comparison between B and non-B clusters could not be performed with accuracy in the present study since a significant proportion of B recent infections identified through the serotyping assay were not included in the molecular study. Another limitation of this study concerned the limited size of the amplified sequence that corresponds to a single region of the env gene. The clade was therefore attributed based on the phylogenetic analysis of this short region, and we cannot exclude that some patients were infected by mosaic viruses which, consequently, were not identified.
The spread of HIV-1 non-B subtypes has been described in France through the surveillance of transmitted drug resistance mutations in patients with primary infection enrolled in the French ANRS PRIMO cohort. Most of the enrolled cases were identified in large hospital centers (10, 15) . Complementary to this surveillance, our study which is linked to the mandatory anonymous HIV case reporting provides data from samples collected from any laboratory in the country and relies on the biological identification of any recent infection, whether symptomatic or asymptomatic, leading probably to more exhaustive data. Although one of the limitations of our study is the relatively low success of sequence amplification, the virological surveillance based on a very simple collection of dried serum spots which is linked to the mandatory notification of new HIV diagnoses has been shown to be feasible at a national level. It provides important demographic and epidemiological data on the recently infected population that were not described with such accuracy in previous reports. The present substudy clearly indicates that the spread of non-B subtypes in France occurs in individuals of French origin and that MSM are particularly involved in this dynamic.
